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QUARTERLY RESLARCH RLPORT TO THE UASA M/WNED SPACELCRAFT CIITTER

TUE DZASURD

EOTRNAUTG

T OF NADIATION L/POSURL OF
8Y RADIOCLLMICAL TECHNIOU:S

O¢telar 5, 1970 Through Januesy 3, 1971

R. L. orodsinsei
ABETRACT

Gorma-ra¢ analyses of tre neutren eactivated fecal samplec from the

4polle 2 end 12 miasions have been completed, and the date are beinz

n

inples of the cxposed Apello 12 solar wind composition {swC) roi1
222p4)

It 15 expected thet the deternination of the 210pg conteat of

theae foils will 7ield the concentretion of redon atoms incident on the

£oi1 while expossd te the lurar atmosphore, and this indirectly will pemit

of the average uranium coacentration of the luner surface.

Proposels to measure the cosnic-rey inteasiiy and energy specirg

4 outezide of late Apollo arnd Project Skylad spececraft vy exposing

aid subsesuenily an Arzing pure metal foila, and to measure tha elazaatal

{2 Project Skylad estroncuts by instrusental nesutron activation

acdlycis of the intaxe and cxzreta, are swuwrarized.

The obstract ef a poper eatitled, "The Measurezent of Radiation

X and tha {ext of n
Iron lLoss by Apollo VIX, V17l

Xy &, and XI Astrencuts” are {nejuded es appendices.
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QUARTERLY RESu'\RC.H REPORT TO THEE ASA MAuWKED SPACECRAPT CENTER

THE VEASUREMENT OF fADIATION LAPOSURE OF . o
PSTROWAUTG BY RADIOCKRMICAL TECHNIOUZS o

~u g

3
RPN VINGPIINTRTCENT A PP PRI 4

Octebar 5, 1970 Through January 3, 1971 L
v . ;
R. .. prodainacdd I I
ASETRACT o ' ; )

Gomms-~-ra” anslyses of the neutrcn activated fecal samplec from the - :
Apcllo 12 and 13 missions have been completed, and the date are being

creduated.

rae i g e

S s T LLIE TSR

Bamples of the exposed Apollo 12 solar wind composition (SWC) foil

and blank foils have been obtained for analysis of the 210po {210py, 222pp)

content. It iz expected that the determinatfon of the 2!%Po centent of

thease foils will yield the conceutration of radon atoms incident on the

foil vhile cxposed to the lunar atmosphore, and this indirectly will permit

ep esticate of the aversge uranium concentration of the luner surface.

Proposals to measure the cosmic-ray irtensity end energy spectra
P P

t
, ]
iraide and outside of lote Apollo and Project Skylab spececraft by exposing ‘ <;
t
aad subsequently analysing pure metal foils, and to measure the eleasental ;%
masa balance {n Project Sxyledb estronouts hy instrumental neutron activation ’ . "’3
. il
araslycis cf the intake end excreta, are swararized. ‘,’.
The obstract ¢f a paper entitled, "The Measurement of Radiaifon . ' (g
Exposure of Astronsuts by Padiocnemicol Techniques,” and ths iLext of a ﬁ
paper eatitled “Celeium, Potassium, and Iron Loss by Apollo VII, VIII, ‘ . ii
IX, £, and XI Astreneuts” are {ncluded es appendices. o 5
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roeper b f¢ea rrepared for ore’ rresentatior on March 1, 1y71 at
. 7
toe lztin Syuposi ‘at 3 Tt
‘iozel Synposiun on saturel and ‘lercade Raifations i Svace ite

»202r, entitled, “Tte Veas: ¥
Lt * o i EX
» <te Feasuremazt of Fediatior izpesure of Astrotculs by
t;

= S ~Ln2G <9 meas ats ¢l ti Ccsaogesnic
Techanlques 2% Lumed on the m asure~ents ¢f tie c
Radiothers cel Q [ S e Zenl

-pn3e . 3, o]
Thsicnucliles ia the feces srd urine of the Apollo T throvgs 13 estroucuts

this paper is Teproduced in pppencix A

e abstract of X
A of this rezort. The

extire manuserirt, whiich wili be publiske.

< L

2 23 the proceedings of the

Bymoesise, vill ha incorporated ik a lsker yeport
Tort.
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TASK - LEUTBEON ACTIVATICI ALALYSIS OF FuliS AID URIUL FrCM
ASTROLAUTS ELGAGLD I OPACE FLIGAT

Gezze-ray analyses of the neutron activated fecal sazples frox the
Apollo 12 and 13 astronants have been coopleted, end tae data ere presently
being reduced. The elemental concentrations of these sazples will be
glven in & luter repoct.

Recent discussions with E/‘.'SA personnel have developed the ;;osaibn.ity
of cbtainirg representative sarples of all foodstuffs used on the Apollo
zissioxs foar neutron ectivation analysis in order to determine the isntzke
values for thcse »elme;.nta.l concentrations ceasured i{n the feces. Czly a
few inteke values have thus far been obtained and these h;ve been furaished
Yrjlsmu). Based on these values a manuseript entitled, "Calciu_:. Fotessiua,
and Irca i.clsn by Apollo VII, VIII, IX, X, and XI Astmnm:tc;" has beea
preparad for submission to.the jourmal Aerosvace Medisive and s reproduced

i it3 entirety in Appendix B of this report.
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TASK - StARC: FOR LULAR AT

Project Apollo has been desigred .to
the earth's moon. One besic feature is THagr as
Y

spparently composed of only the solar ving f?
exerat{sns from the retural decay ohe

rder to characterize the ccw!y\:s"iulnf.-

eluminue

folls (SWC “ofis)-rave i

te tranpfzicce vo ?-’(‘:‘b‘u,;-oj; . '_

- il
radon Tluenen foadint o LneTn

sl > i
KR LTI AR o ~fr('(g,‘f.4’:"3{f;' W

- ; 3

lunar suro.r G

+ L
foorepraate

. s

anion . eaelllciepts .

agmrticnt oo ltng Junar o
! . v e - LN
»Ca Lo e ostipated

3%

s

. . st . .
will sllcw ftrwoavirnoe lunse ‘ourdsre urdniws condenti

since uraniom ia the 'ultimbie perent of the roden gee, * . . I
. B . LTI . T ! :
Three sasples of SYC foil have been obtained for sanlysis

A Py _, ]

- “ LI

Tun of thest are blank foils of the game naterial e

L

cf the vedon duu;;h:er:,&). -
o
s ite expesed SYC foill A 210Fo activity of (2.9-€26)+107" d/mfea” was

served in the first of these. Thais is cenparable to the expeetec 210

hav]
-9
i
n
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" ' ) ' . . .o
of (3‘20)'_10 ‘d/m/cr:( from radon decay in the exposed Apollo 12 SWC.Totl!

secori foil, G30-11, and the Apollo 12 SHC foll exposed to the lunar atmosphere, °

'
- AP =

G 17-7-6-7, nave not yet beéx anelyzed.
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A‘.t}:re-:-pnﬁ.prc)posal for future research has been prepared and will
. . . A

be forthcoming a3y o separete document. " The essence of the first psrt ves
(2)

¥
Parts tvo end three ere swimerized,

presented in an earlier report.

telow. » ;

* COSMIC-RAY ENERCY_SPICTRA AliD INTENSITY . N

3
.

High-energy cosmic particles impinging on a spacecrnft csuse some

radiation daumsge, to the vehicle snd its ccotents, and may result in &

) ;

substantial radiation decse to the occupante. These cosmic particles coze

from three major sources:

" In oxrder to accurately evaluaste ihe dauage caused

the trapped or Van Allen .redistiom, solar flares,
ead gelactic radiétion;
by these particles it is necessary to define the energy spectrum énd ictensity

ol the compcsité. radiation. The galactic portion o1 the spectrux is falrly
coastant vith tice and reason;bly vell defined, The Van Allen sad polar .
portions, however, vary considegably with time and leccation derending on

solar activity and relative proximity to the magnetically trapped radietion
belts. fo; thils reason;‘the rediation damege to the vehicle and the

radiation dose to the astronauts will be different for eech space mission.

The cosmic zadiatio; dose is a primary concern eand is carefully moritorcl
by varioué Sosimetry techniques during each space flight. These standord
‘désimetry techniques have one major drawback, for determining the dose delivered
by‘;osmic partiéles, however, in that they sbow reduced response A
cheracteristies to diff?}ent particle energies. A 100 MeV prouvon siopped

in the body of an astroraut wiil deliver twice the rediation doie of a

50 MeV proton stopped in his body, out most standard dosinetry technigues
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cau barely distizguish them froz one endtler. ¥f the nusber of zarticles
of each 2mergy incident oz ap astrozaut is knowr, the radfiation dcse he
receives can be px;cisely calcuiated.

Anotyer applicatiom of the measured cosaic spectrum and intensity inside
tte spececra is for the determineticn of the radioticn shieldins effoctive~
ress ¢? the hull and costents. By coTperiscn to the spectrum and iotensity
cutside the syacecraft, the particle attenustica axnd csbesrption _ix: the vehiclie
es 8 Tutstics of emergy cae te determined. A determizetion of the magnitude
7 secandery particle groductics including meutroms can £150 de ottained
fre= the saze ccoparisoca.

Finnliy, a knosledge of the particle spectruzm and intersity wvould dbe
rarticulerly telpful in severzl tasic spoce science ;:t{:g;rar_: wiich are
dapezdert on coszic-roy oetivation, such as the anelrsis of luzar gsesples,
ne:eo:—f.’.e.;x, and recovered s._:m::e "sunk™. These basic xnovledge prograss will
be ;=oat bepefited bty & separation of the verious cexpenents of cosmic
radtazion into their respective porticle specira.

It is geossitle to feterxjce the charged particle {preton) flux end
energy spsltium frux a fc;l Ye¥ throuzh thoussnds of VeV sizraitanesusly with
the thermal and epitherral nemtron flux from racsurcments of the guantities

of the various radicruclides produced in exposed retal folls ty spallation

erd cayture Teatticzs. IIiZferent speiletica prolucts ave prodncel with
dirferent zretaziiities (crees secticns) es a surction cf ezergy {excitation
f\.’:ctic:zs)vof “ine $neidest perticls and have different xmisirus reaction
e:;f;:-é_;ies {¢npesholis). FProm zeasureseats of the guantities of radionuclides
groducesd fn pure metal foils which nreve been exposed to cosmic particles

tosk irsile ond cutside spacecrat™, ond the spplication of well Reown
LRIy r » o

LT SO ce e e g wes s ree e e v

St ke L -

e

.

C e g

e e M B Y e e CE LT RNV I S SIS

B O VT SU T

]

-1

837

b

-1- A

»

excitation functicns, tie incidert cosmic specirus can te characterizéd
with rather good accuracy.

In the proposed verk Battelle-lorthvest will arrange thrcuéh appropriate
T2SA personnel to 1-stall thin sheets of pure metal foils it the spacecraft.
These fcils cen Te located in uncdirusive rlaces sz that they dc not lnter-
fere with any other sspects of the mission. For example, the st.udu;d'.
passive dosimetry cannisters could be fabricated from a laminatict of the
thin foiis. The feesidility of this aepproach has already bteen diacuﬁaed'

with responsible LASA representatives and appesrs reasonnble. 1If possidle,

errangexents will be msde to expose similar foils outside the spacecruf®

by incorporating them with menually or rempteiy deplcoyed devices. Folls §
ranging in thicknesa froz omne thousancdth to ten thousa.ndt.hg cf an. foca

frem e prospective list of metals iocluding alwmisue, iron, titanium, codbalt,”
scandium, exc possidly copper and tantaluzm would be exployed.

O3 return to earth the short-lived induced redionuclides lo the

{zdividual foils will be measured with the mnltidisensiongl gaoma-rey

gpectroneter proposed ea_v-lier(z)_ If poseivle, these measurerents vill be

zzde onboard the recovery.vessel since 3 minizum radioisotopt decay would .
' f
ipsure maxicum accuracy. Very long counts for precize determinetion 5f the
loag-iived induced radioactivities will be made later o2t the Baitelle-fiorthvest
laboratories.
Pronm the zeesured quantities of indu: radionuclices fa each >ure
metal fo0il and the knovn excitetion functions for produstion ¢f each radlo- '

nuclide, the cosnmlc-ray energy spectrm and intensity irncident on tha%

foil will be cdetermined. Sirvece each radiocnuclide cor estration will oenly e

L
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representative of an exposure pericd corresponding to effective seturation
for that nuclide, different redioruclides will be representative of dif-
ferent porticns of the mission. end texzporal v.riastions in the spectrum and
flux of cosmic particles will slso be éetermined. Induced radioisotopes

with half-lives leng ccmpared to tne duration of the mission will, of course,
intesrate the average spectrum and flux throughout the exposed period. By
use of srandium end cobalt foils the thermal end epithermal neutron flux
will be determined. These two metals appear to be bdest sulted for this
purpose becauze of their neutron capture and subsegquent decsy characteristics.
Cenronly used gold foils will be rather useless for neutron moaitcring due
to the relatively short half-1ife of the product radionuclide compered to
the duratioa of Project Skylab missicng. Once the cosmic-ray energy spectra
snd intensities incident on each of tne several foil packeis Lave been
detemmined, the results will be arnalyzed in terms of the shielding cualities
of the spacecrals, Bs well ax the secondary particle production within and
activation of the hull. ' Alsc this known spectrum end intensity of particles
{ncident on the c.ew mezters will be uzed to caleulate the radiation dose
delivercd to the astronuuts. This dose determination will then be compared

with the dose Zdetermimed by the redicchemical method used in %

and by convestional deosimetry techniques.

Thia'cosﬁic—rny acnitoring vrogram will require 3 man-months Jor
1mp1£:entuticn cf the pro;ec? including assembly of the foil packages and 3
ran-months per mission for determination of the radionuclide content of the

returned Poils and reduction and interpretation of the datn. Since very low

levele of induced radioactivity are expected in the folls, extremely

Produced from
copy,

st available
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be
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sensitive counting equipment, such es tﬁat proposeé in Part I, will be
necessary to make accurate determinctions of the radicnuclidé concentrations.
Battelle-iorthwest is the worlé's pioneer in low-level multidimensional garma-
ray spectrometry and hes many of these highly sensitive instruments availabtle
for measuring the long-lived radiosctivities which will te present in the
foils. Battelle's analyses of the cosmic-ray induted radionuclides present

in the lunar material samples,in metecrites, and in pleces of space " junk"
returned to earth adequately demonstrate the required 1¢ve1§ of senzitivity
and ccmpetence. Coupling this experience wvith the scourstely determined‘
excitation functions of the spalla£icn prcducts in proton irradiated iron

and titenium recently completed at Battelle and the cosmic particle dopimetry
experience of Battelle ylelds & task force well qualified for sucgeuarul

corpletion of the proposed research.
P

PASS BALANCE

The ncrrmal terrestrial metabolism of astronauts may be altered in the
spece environzent due to weightlessness, unusual atrosphere, or other
artifacts of space flight. *one pessitle manifestation s the upteks or
loas of certaln elements by their bodies. These elemental gains or losses
mey be responsible for adverse physiological or paychologicel responses
which may affest thie successful completion of a mission. A definite lcas
of bedy cslcium, potessium, and iron has been demonstrated, end although
the caleiun end potassiu:m losses do not appear to b= too sericus at thls
time, the iron loss must te investigated further. The uptake or ioss of
trace elementa, such as cobelt and zinc, may alsp te correlsted with
urugual nhysiclogicel reactions or used for predictica of reactions. such

as in the enriy defection of disease,
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In order to measure the gains or losses of elements by the astronauts,
a mass bslence study will be performed for at least one of Jhe Project
Skylab ziessions., This type of investigation will Ye necessary to mrasure
the changes i{n scre of the trace elements which may be s0 subtle that they
could not be c¢hserved in any other manner. A technique of instrumental
nevtrsn sctivation enalysis will be used to determine the concentrations of
Ce, I'a, K, Rb, C8, Fe, Co, 2n, Cr, Sc, Br, Se, Kg, Ag, Sb, Au, &and Sn in
aliqucts of all foods consumed and all urine and fecel specimens collected
during the mission. With appropriate documentation of ail diets and excretion
sexples, the mass baiance of each of these elements will be desterxzined as &
functien of time, aud any gelns or losges will be checked for correlation
vith any cbserved physi.sloglcal or psychological anomelies. Any worsening
conditicns will be reportied along with their possible consequences and
remecles.

It ius anticipated that this soudy will require 12 man-moaths of effort
for the nuxber of specimens predicted, based oa the planned Project Skylab
duration. Battelle-lnrthwest has had excellert success in determining the
concentrations of these elements i{n aliguots of returned fecal specimens
and postfiight urine spscimens from the Apollo series missions utilizing
tais technique of imstrumental seutron activation arelysis. Unfortunately,
no inflight wrine specinens were collected so the quaniities ol clemeuts
excroted had to be celoidaed on the tasis of normal fecal excretion .percen-
tages. The food mrenples uged on these missions have not yot been analyzed
for #l11 the above eliements, but excellent mass balance rosults have been
obtained for celciun, potassium, and iron based on intzke values determined

by NASA. Thus the capobility to do an accurate mass balance study (+ 5%)

-

-1i- BIVL-1183 7

by neutrcn activation technigues has been demonstrated by 3attelle-liorthwest.
Since plans for the first manned Skyladb nission call for collection of
aliquots of a1l feces and urine and documentation of all dietary intakes,

the complete msss balance study should most certainly be implenented.
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EXPENDITURLS

The following table docuzents the expenditures according to task
end total cost incurred from October 5, 1970 through January 3, 1971 for

the work reported herein.

TASK EXPENDITURES

Deterxination of the Radionuclide Content
of Feces aund Urire From Astronauts Epgaged
in Space Flight . $5,447

Seutron Activation Analysis of Feces and
Urire Proa Astronauts Engaged in Space

Fiight 6,809
Search For Luncr Atmosphere $ 702
TOTAL COSTS $12,958

-13- BNAL-1183 7

.
®
y

3

1. P. C. Rarbaut, Hational Aeronautics and Space Administration, Manned
4 Spacecraft Center, Private Communicetion (1970).

:'.: 2. R. L. Bro;izil?ski, “The Measurement of Radiation Ixposure of Astrorauts
by Radiocnemical Techniques," July 6, 1970 Through October 4, 1970,
KIWL-1183 6 (1970).
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ASTROUAUTS BY RADIOCHIMICAL TECHHIGULS(a)

R. L. Brodzinski
ABSTRACT

Astronsuts engaged in space flight are subjlected to cosmic radiation
walzh does biclogical damage to, and induces radioisctones in, their
bodies. Theoreticelly, the radiation dose received from the cosmice Dar-
ticles cex be deterained fron a measurement of the quantity of induced
radionuclides. The ccncentrations of these induced radioactivities: can be
determined by direct techniques, such as whole-body countiag, or by indirect
procedures, such as the analysis of the radionuclides excreted in the feces
and urine. The latter approach has veen utilized in the evaluation of
radiatics activation during the manned Apolio missions.

The principel gamma-rey-emitting radioisotcpes produced in the body
by ccsmic-ray bombardment which have helf-lives long enough to be useful
ere 7Be, 22.’:&, and 2%a. The sodium isotupes were reasured in tre pre-
flight and postfligat urine and fecec, and those feces cpecimens collected
inflight, by analysis of the urise salts snd the raw feces in large crystal
multidimensiocrsl gumma-ray specircmeters. The 7Be vas chenically separateg,
and its corcentraticn measured in an all ¥aI(T1), anticoincidence shielded,'

geintillation well crystal.

(a) A pzper to be presented at the lational Symposium on latural and
Manzade Radietion in Space on HMerch 1, 1971.
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- . #
v R
czmiraticss of inferted rodiormcifdes, iow sounle sfizes, lormg deisy pericds * !
Y R o1
S )
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CALCIUM, POTASSIUN, ANWD IR0H LOSS BY APOLLC VII,
Vitl, 1%, X, AND XU rsTRONAUTS )
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(8) .
This paper is based on work supported by the Hatlonal Aeronautics and

Space Adminisiration - l'znnca Spacecraft Coanter, Heusten, Texas,
uader Contract AT(45-11-1830 betweecn the United States Atomic Energy
Camitssion and Battelle-tiorthwest.
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AUSTRACT

A technique of instrumental neutron activation analysis has
besn employed to determine the concentrations of seventeen elements In
astronaut focal samples collectec during the course ot the United States
Apollo 7 through !} space misslons. The quantities of thres of these

are compared tc dietary Intake vslues in detarmining the eiemsntal mass

balance of the astronauts. Elemental losses of 635 mg Ca/day, 2396 mg W/ day,

and 6.4 .g Fe/day were observed, and some posslbie éonsaquences of the
Imbalance are discussed. Enhanced osteoporosis due to the walghtless
conditlons of the space environment is shown to ba an instgnificant
problem for reasonably short duration missions (v 14 days). The
applicatitity of varlous ?ecﬁnlqucs for determination of calcium loss Is

discussed.
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_ ) (heel) or a phatanx (finger), arc customarily extrapolated to a loss of
INTROCUCT ION
calclum from the entire body even though a nonrepresentative .change in
The condttions of waightiessness and prolonged physical in~ . )
R density, particularly of the os calcis, is highly fikely, Heasurement of
activity of astronsuts during extended space flight have raised questions » . . '
. [ the calcium loss and interpretation ot the results Yo retflect the average
regarding the possibliity of changes In the concentration of the elements s )
es 9 P R 9 ' o bope density changes sppears much more desirabie., In adgition to aliowing
within the body slimilar to the terrestrisily observed phenomenon of P ) . ) ) '
: conclusions to be drawn regarding various other maladies occasloned by
osteoporosis, the loss of skeletal calcium. A decrease in skeletal density . . . R
’ i calcium deficiencies, the inherent radiation doss from the X-ray exposurs
I tural occcurrenca among the eaged, pertlcularly in womsn, ard may be
s a natural occcu 3 ged, p arly . Y can be avoided.
artifically accalerated durlag perlods of pedrest, lmmobilization, end \ .
y 9P t Two methods for measuring fotal calcium loss are whole body
weter Immersion. A conference on the development of mathods in bone ) . (9)
In vivo neutron activation analysis

and mass balance of tha ingested

dons | ¥ometey was organizad by the National Aeronautlics snd Space Adminis- ’

y 9 4 and excreted caicium. The in vivo activatlion analycis technique is

tretion to deal with the cossitllity of enhanced osteoperosis in astronauts . ’

’ . F R P (2 limited by practical considerations to a precision of about + 2% change In

12 - ;

actively snoaged in space flight. The published results of thls conference

fvely SrsES P s P _ 7 total body calcium and an accuracy of about + B2, This technique shows

and othar conferances on theo same subjec#"J‘) provide excalient sumnarles . .

advantages for measuring serial changes of a few slements over long periods
of the varlous bona desnsltomotry methods which Include X-rays, bets )

s Y ¥s of time (X 30 days). The mass batance study is more suited for greater

exclted X-rays, radlclsotopes, sonic vibration, and neutran actlvetion

- k SoTaRes, Sor ’ sensitivity and for moosuring the changes In more slements, which are

analysis proceduras. Earth-based X-ray methods have bean employed for . ‘
y3is D . Y 2.8) P responsible for maintaining stability In other physioiogical! and paychological
the Ceminl, Biosatellite, and Apollo mlss!ons(" although this technlque . N
R areas. in practice an average mass halance Is moro revording then the Idaal
den’ ith +he sensity changes of only a specific bone(s} of the body.
s v s v P v day to day mass balance study. White the phenomenon of ostecporosis is
A more compliste lnvestigatlion should cover tha totsl loss of .
of primary concern, the chznjes in the body content of other essential
calelws from the asironeuts badles. Calcium comprises. adout 208 by weight
] P v 9 olements are also Important. Constituents such as cobalt, iron, selenium,
of bone and Is aiso extremely Important In The body serum where an imbalance _
) . y e Y sodlum, and potassium play an important part in the retabdolic processes of
n be ressonsible for @ host of adverse physiclogicei responses such &s : .
con be respons physiclogical ponses P the body. Redical changes in their excration rates by astronauts may
nauséa, gizrrhca, hyperexcltablility, and Ivuria, Tho resuits of X-ray S
» YR b poly Y result In physical and/or mentsl disparities which could alter the progress
¢ensitometry measurements on & particular bonels), usually the os calecis
' ¥ s ’ 4 of a mission. Other elements, sich os bromine, with as yat unspecl fled

bivlogliea!l functions may also be Important in this respect. Althcugh the
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chemistry of the bone primarily involves calcium compounds, other metals < All semples end standards were thoroughly mixed in Z solutions

can alse play an Irporfanf roie as factcrs or co~facturs in enzyme or of agar agar and transferred quantitatively to standard counting geometries

hormona systems essentlal to the minerallization procass. In order to . consisting of 1/2~inch thick by 2-Tnch diameter polyvinyichloride rings.

examine The Inflight mass balance of as many of the body elements as : After the agar zgar solution solidified, the samples and standards were

3. B
B counted for ten minutes on a spectrometer system utiilzing & 20—cm3 GelLi)

possibie, a technique of instrumental neutron activation analysis has

e detector housed in a {0-cm-thick lead, cadmium~copper-1ined -ihield for

0 s a2, 47
P

been applied to the fecal samples collected during the course of a misslon
‘ dotarminaTion of the neuiron~-induced racdiolsctopes 2 Na, K, Ca (47Sc),

ard stored onboard the spacecraft and to the urine specimens coilected H

76,. 82 198 '
immedtiately prior to and followling the mission. The results of these As, 8r, and Au. The samples.were then allowed to decay for approxi-

anslyses for aach mission have been compared to & partial 1ist of o matciy one menth before being counted for 1000 minutas on ths same dlode
eiementel intakes furnished by NASA“A), and the degree and possiblo Ei‘ : for determination of the following radionuctides: 4GSc, 5;Cr, nge, 60Co,
consequances of the Imbalances are reportsd herein. ~§ : ' ; 652"’ 7559' BcRb' |24$b' ISACS’ and ZOSHQ' All spéctra were recorded In
Tg?é ) one halé of a 4096 channel analyzer. Typlcal gawma-ray spectra of neutron-
EXPERIMENTAL PROCEDLRES _§T§ "é activated fecal materiel teken after appropriate decay intervals are pre~-
A sensltive muitisiement technique of lInstrumental nesutron §;;: ! sented in Flguro I. After a further decay period of approximately ona
activation analys!s developed specifically for the measurement ot minor, x5 é  month, the sampies and standards ware counted an iarge volume Nat{Th)
trace, and ultratrace elemonts In blological systems''™ hes bean employed .f multiparamater gamma-ray spacfrome?ers“c'm for 1000 minutes +o quantitatively
te sismuiteneously measure tha concentrations of Ca, Na, X, Ro, Cs, Fe, Co, - detarmina 465c, 6°Co, 65Zn, ‘lankg. and ‘24Sh. These instrumants utilize
2Zn, Cr, Sc, Br, S¢, Hg, Ag, Sb, Au, and Sn excretsed In the feces of astro- ok two principal sodium icdlde crystais, between which the sample is positicned,
nauts during extraterrestrial activity. Tne fecal szmpies were thorougnly . "E and which are surroundad by an anticoincidence shieid which provides both
mixsd in thalr collection bags to insure homogeneity, and a few hundred ; ‘: background and Comp*on reduction. The signals from the two princlpal sodium
mitligram aliquot was fransforred directly to a prewcighed polyethylens ; lodide crystals ars ted to two analog fo digital converters of & muiti-
Irradistlon capsula, freeze dried to a cons*ant welght, and scaled in the f, E; parameter anaiyzar which stores both single and coinclderce events
polyethyiena centalner. The samples, together with their comparator ; ’ according to the energy loss In ezch detector. The three soparate counts
standarcs, were irradiated in a Hanford produation reactor to an Integratod ; ) } of eoch sample are to Insure the maximum statistical accuracy for Yath the
thernz! reutron exposurg of '\.2'1057 n cm'z. The samples were permitted to ‘ .} short- and long-iived radionuclides and to cross-check the resuits betwesn
decay several days pricr to gamma-ray analysls. . E difforent detectors,
[ .
e St s it I T R T D Rt I I R SR P Y- 11 . e, _‘k: e . e e g S e e ‘AMW‘
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The concentration of each element was calculated by direct
comparison of the activity of each radionuctide in the samples with that
in the standards. .All results are considered to have uncertalinties of
+ i0f. The major uncartainties In the neufronlacflvaflon procedure arise
trom two sources: countling statistics and sampling techniques. Counffng
statistics represent errors of less than 5% for the cetermination of all
elemants except M5, Au, and Sn, which are measured to approximately + 10%.
The uncertalnties arising from sampling techniques snd contamination during’
tha Initlel sample handling are belleved to cause errors of cnly o few
percent. Comparing the precislon of this technlque fo other known methods
cf trace element analysis, the sampling error is cqual to or lower than
that for any other method. In addiffon, errors assoclated with measurement
(other than statistical), callbration, and chemicsl separations {particulerly
rozgent conteminztion), which are provalent in other techniques, do not
arise In thls techniques of Instrumental neutron activation analysls.(lS)

The amounts cf calclum, sbdlum, pctassium, an¢ Iron taken In
by the astronauts durlng flight have been furnished by the Natlonal
Aeronzgutics avd Spaco Aﬁminlsira?lcn“A) based on an snalysis and Inventory

of the foudsturts used In the Apollo series missiani. The foodstuffs
rave not yet door anzlyzed for the other 13 eloments detarmined in the
focos; tharefora, only prellalnary estimates of thelr lobalance can be made

besed on normal intake values.

RESULTS

Most of tho fecal samples ware undocumanted with respect to
the astronaut and the elapsed fime iInto the mission, and only Integrated

excratlon ratos could be measured. (n order to determine the average

N s i B e T e e e e e e T T T e
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daily fecal excretion rates, he total weialt of each clemunt measured in
the feces was divided by the nurber of particioating 2stronauts and the
number of flicht days involved. lo intiight urine spoccimens were coltected,
wut Frace element analysis of the prefiight and postflight specimens
indicated urinary excretion percentages which wore in thc range of'fhose
rcrmally oxpcc?cd.(A'vz) Tho gquantitics excreted in the urine, thereforc,
do not perfuru The conciusions dra<n from the guantities measures in the
feces.

The results o* thc calcium talance study are presented in Table |
for the Apolio 7 through i1 missions. For the Apolio 7, 10, and 11 missions
the fecal samples were not identified as fo astrenaut; therefore, average
values are given. The commander was the only participating astronaut in
Apollo 8, and in Apclto 7 the samples wore identified as telonging to the

commander, tha lunar module pilot, or the command module pilot. All calcium

intcke values given in the fablc were furnished by NASA.('A) Since the per-
centage of total calcium excretion Ly way of the feces ncrmai}y varies from
€9.4¢ to .62t '7‘,’ an aveiage fecal excretion percentags of 80% was

used to determine the totel %moun? i calctum excrated. The overal' averagus
shown in the table are for a unit astronaut-day. Tho average of the
Apolto 7, 10, and |1 missions aru weighted Ly a facter of three and
summed with tho indlvidual averages cf the other nissicns. Tho Total is
1nen divided by 13, the number of sarticipating astronauts, to arrive at
the overall sverages. The ratio of calcium oxcretion to intake is 1.23,
which could te as high as 2.1t or a5 low as 1.6C Aesending on The percen-

tagos «f cxcreted calcium in the foccu. 1t Is verthy to note thet the

aeore
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zverege ratid vis 2.8% for iwe Acol to 7, 8, and % missicons and dropred to
1.273 fcr the Agollo 1D zn2 1 missions. This is gue cgually to en incroased

. N {id3
calicium intaxd Y

2nd @ docreosed calcium excretion for the latter tvo
wissions. Tho aversce rete of calcium loss 2eferminad in this work is
€35 =5 per ¢zy, a vaiuz thet could b2 as fow 25 435 or o5 high =25 2406 mg
wer day if the porcertzope fecal excretion is at ihe sbove given sriromes.
T« > significenca is the change in loss rate from 930 mg/aay for the
© - ypa2 nlsslons 9o ZED wolfday for the msxt feo wissicns. ¥ appoers
frat body calcium 1935 Srepoel by apsroximately four— +> five-fold guring the
coorss of *ha Tirst five manned missions In 8te Apolio series.

‘A toss of 635 ogicay for a stesdard 70 k3 men awcunts ‘o only
C.TEC32 of his total boly G:Icim“f'), or z loss of only 1% during the
coarse of @ 16-<zy missicn. 1§ imdzed Hhe pressnt rato of colcium ioss
is o=iy 223 sgfdzy, THe #c=al toov ineentory loss wouid be ealy 5.0218
Bor g2y, o7 o ioss of 13 in & 48-Cozy mission. ¢ the feca! excreticn
ascracatend were Righ guring these misslons, the present rete of celcium
toss by %0 astrorouts could b2 es low &s 77 &g por cayr 3 total boedy
inoriery toss éf 0.0372% por doy, which would raguite o 140 duy wission
for o loss of 1% of Thy to?y colclem. This Us indced an insignificent
calciun foss for amyihing buf tho most extended misslons.

Tre sodis arslysss of the focal semples zre of goostionatle
veioe Soczuse of *he zdsitlen ot uncertain srourts of sodium orthochenyiphenot,
a Lectericide, %o fthe specirwons. The merege delly iaviie end ewcretion
cf povzsslum gre prosetes in Teble 2. A fecal sxcretion partentege of

16.92%° 7w oot to ostirato the ot=) zwouat of potessiim excroted.

-21- BiW1~1183 T

The average of all cata in the tabie indicate that tre poutassium

excration exceeds the intake by o factor of 1.19, but, as with calcium,

t+he ratio for the first three missions is high, 1.50, while the latter

+wp show an average ratic of 1.00, pertect batance. This is due principally
1o reduced excration in th2 latter missions. The rate of potassium less

for the Five missions is 296 mg/cay, which amounts to only 0.16% of the

{i5)

total body content, but again this rate was dropped firom 668 g/ day

for Agolio 7, B, anc 9 to 4B mg/day for Apollo 10 and 11, a reduction
B
tactor of 14. As a loss rate this certainly seems wiThin expectatlorns,

o !2)
5

particuiarly when the average daily weight foss is 0.4 of tho total

body weight for these astrorauts. '

(1

Tabls 3 shows the average Saily intake %)3nd excretion of lron

for these Apsllo missicn astronasuts. Since most eliminated iron- is
normally {found ia the feces,(:) +he maasured tacal concentraticns ere
assumed To represent ali excretes iron. #s the data Indicates, the
excration exceeds the intake by a factor of 1.9 on the avaerage, ard there
is no significant dirference Setween The Thres earl!ior missicns and the
+wo later onas as was the case with calcium and potassium. Tha avorage
rate of ircn loss is 6.4 mg/day, and again there is no apparent difference
between the carlier and later missions. This loss rate correspcnds to
C.i6% of 4rz total amount of body lrcn“s) per day or & loss ot i1 every
six cays, which could prove to be of very substantlial significance.
LISCUSS 100
2)

Reentgencgraphic techniques were used dy Mack, ef al.( to

stucy bone demineralization in the Gemini IV, ¥, and V1! astronsuts.
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Thelr investigation was restricted to the os calcls, the talus, hand
phaianges 4~2 and 5-2, and the caplitate. A minimum foss of 2.46% in

bone density was rébor?ed for the |4 day Gemini Vil mlssion command
pilot's os calcls. Loses for all sites and other missions ranged up to

a maximur reported value nf 23,20 for the elght day Gemini V command pilot's
hznd phatenax 5-2, 1f the reported values of bone loss can possibly be
construed to represont total bndy calcium loss, a large discrepancy

exists betwoon these eariler missions and the Apollio seriss missions.
Howevar, 1T is {ikaly that the reporied bore mineral loss dic not reflect
true shelie tody caiclum iess. These roentgsrographic results themsolvos
a2ra porhaps dubious In [igh* of the large variation in losses reported not
only for diffarent anatomical sites from the same astronaut but also for
gdjacent scans in Tha samo bone.

Calclum Josses as small as those determined here for tne first
five manned Apoilo misslons can only be maasured by the mass balancso
“achalgue. Averags tody colclum losses wers 0.56%, 0.54%, 1.21%, 0.055%,
snd 0.26% of fota! body calclum for the Apoclic 7 through 1 missiens,
respectiveiy, assuming that ali astronzuts are compesed of 1.5% caiclum

by veigh?.(lu'

The aversge .oss rate is only I of totai bedy calcium
every 18 days which is cortalnly not significent for the reasonably shert
durstion misstens planrad for the foraseeadls future., In fact, at this

mezsured rats of !oss,a one and one-half vear misslon would be necessary to

fozse 307 of the bocy calclum.  Such a bono density loss is act uncommon
) v

z

for "normat” cs?eoporosls.(" It tho calclum loss cate In future

missions is actually as low as that for the Apctlo 10 and !! missionsg,

v oRg e

BT

B i R
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due to improved exercises and/or diet, it would take over four yesrs
in space to lose 30% of the body calcium,

Qalns or lossas of sodium and/or potassium could be very
significant since proper electrolyte balance is essential to the n;rmal
functioning of the nervous system, as well as establishlng the osmotic
balances n-~zessary for the transfer of essential material across cellular
membranes. fhe potassium losses estimated In this werk ara demonstrated
to be negligibly smatl. A perfec' mass balance would be obtained If
the assumed 16,.5% fecal excretlicn of potassium were actually 19.6%.
SoGium excration-values could not be estimated tecause of the addition
of uncertain amounts of the bactericide sodium orthophen*lphenol to the
specimens. However, best estimatas of sodium loss based on prefiight
and posf?l?gh? uring concentrations indicate the bzlarce was &s good as
that for potassium. These difficulties and the uncertainty of tho fecal
excration percentage of all efements could be eliminated it an alliguot
of oach urination during the mission were collected and returnsd.

The necessity of lron for the synthesis of hemoglodln, trans-
pertation of oxygen in *he bloodstrearm, transfer of oxygen to tissue
cells, and erythropoissis demands 3 close talance of this eiemont in tho
body. The loss rate reported In thls communication Is a mirimua rate
since no altowances have been made for losses by wmechanisms other than
fecal excrotion. loss in the urlne, hair, nails, sweat, stc., would make
the reported mass balance even more nagative. !t the rate of iron loss
determined for these short duration missions remains constant over much

longer missions, iron daficiency anemia and its many manlfestations could
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Secore a serijous protlem for as?ronau7é, and ncens of reducing the loss
or increasing thecuptoke will have to Le ronsidered boforoe dees space
micslons can Le undortokor without the rick of iron cepletion, Ong
possivlie roason for elirination of iron by the astronauts is that an
oxygen rich atrosphure in the spacecratt rcduces The norral or pretfight
hamoniobin cencontrations. Since hyperoxyoenation is not required by the
body, thy ahysinlegy of the body wil) elinineta the unaecoscary iron as
Tho erythrocytes mature and are destroyed, as hapgons constantly, ¢
hcmog{obin loss is the causc of the iron loss, the rate of reduction
should decrease as tha cquilibrium hemojlotin concentration ls roached.

The raported herogicbin ccnccﬂ?rafions(z)

measurod Immedigtaly postélight
So 7ot substantiate this theory and, e foct, indicats incressed hamaglobin
in two instonces. Howaver, in ono o¢ those instangces, thers was 8iso an
incroase In homatocrit, &nd in the ofkar there wss a docrezse in red

biood cells. Theso two factors msy offse? the apparcnt Leroqgiodbin incroave.
A serislliod sTudy would elucicate this sossioility. The mzasured rate of
irsn 1ess in tha astronsuts is approaimately six tiras the normally

n o, - (&3]
i? nas been sujsested thet such 2 massive loss

excacted 1os5% rnto.i
of lron could only ba cousad by remorrbage, o npessibiilty which could he
Chockad by protlight se<inistroation of radiochromium fugnes red coeils to
tho astronauts,

't a precise elsmental aratysis of the focdsruffc usce curing those
riscicns €an te nade utilizins, the techni-uas of insirumental routron
activation analyris consicered hera, the mars Lalance for ali ¢ lemants
s red in the excreta could be Cuturmince. O a?ir.ad aralysis of

roturaed fccal sarnins will incicate if doss of calcium aad sotrssiun

R
b

"M
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continues at the apperently reduced rate of the mrotlo 1C and !} risslons

and it continued high losscs of iron are indicatud. Of vqual or perheps even
greater Importence is a nasc salance analysis of cartain cthwr essential

and trace eicménts. 14 measureiients of excretion could Yo nuio as a

ﬁv - function of ti~a during tho course of 3 rission, roru suttle offocts of
‘. the matatelisn of cssential or detrimental clununts cculd be detocted.
Persaps som2 logses are large In the carly stanes of the rission and

¢ininish as the astronauts tecome acclimated to their environnent, or

perbhaps tho converse is trug and the loss rates sre bocoring more serious

with Incroased timo in space. Acclimation to the spacecraft aenvironrant

.

£ § may very possibly alter tha astronauts trace olenent metabolIsm in a way
i—’: that would cvontually effect ossential enzyme processcs. The technical
??jg ¢ifticuitioc of such 3 time stucdy would include recerding the timo,
‘(c?s quanﬂfy and type of all foods consumed and the time of each defecation
é;ﬁf by each astronsut. It would be very deslirabie 1f this recore kezping

system and the collection of Intlight urine specimans con be Institutod

' on missicns of future projects such as Project Shylad In order that the
” shove-mantionad questicns can be rosolved.
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TABLE 1

AVERAGE DAILY CALCIUM_ INTAKE AN EXCROTLON BY AFOLID ASTRONAUTS

Tntake(e) Exiggi}on Ex:gzzionu giz;:ngn Ba?;iZe
mission  Astronust _{ng) (g __img) _ o Intake {rg/day)
Apollo 7 Average 03% 1140 1430 1.70 - ?90
Apollo 8 CDR 427.2 1150 1440 3.36 - 1010
Apollo 9 ChR 562.5 1190 1490 2.64 - 930
Apollo 9 LMP 494.3 1100 1380 2.78 -~ 880
Apollo 9 cup 489.0 2260 2830 5.78 - 2340
Apollo 10  Average 832.9 730 919 1.10 - 80
Apollo 11  Average 1000.3 1090. 1360 1.36 - 360

Averages 767.7 11290 1400 1.83 - 635

* pBased on 80% fecal excretion

TABLE 2

AVERAGE DAILY POTASSYUM INTAKE AND EXCRETION BY APOLLO ASTRONAUTS

Intake (8) Fecal Total Ratio of Mass

Mission Astronaut {ry) Exi;§§10n Ex?;;§xon g;ciiizzg ' ?g;?gzi)
Apollo 8 CDR 1229 499 3020 2.46 - 1795
Apollo $ CDR 1677 253 1540 .916 + 141
A§ollo S LMP 1386 276 167 1.21 - 286
Apollo 9 cMP 1708 403 2440 1.43 - 732
Apollo 10 Average 1340 176 1070 .797 + 272
Apnllo- 11  Average 1751 350 2120 1.2% - 367

Averages 1527 300 1820 1.19 - 296

®# Based on 16.58% fecel excretion
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TABLE 3

: intakelb)
Misaion Astronaut img)
Apallo 7 Averago .g8.1

Rpollo
Apzllo
Apollo
Apollo
Apollo

Apollo

AT- B Y- B -

CDR
CDR
LMP
CMP

10 Average
11 hverage
Averages

5.0
7.1
5.9

[

(L)

5
.1
0

]

6.8

* Asguming 1008 fecel cexcretion
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TEEALLD, UDILN

-t

1o

ietange,,

S ASt 11 Rio v

gxcretion®

twg)

15.7
13.3
11.6
13.2
17.2

6.7
16.4

13.2

Ratio of Mass
Excretion Balance
T2 Intake imyg/day)
1.9 - 7.6

)
2.7 - 8.3
J.6 - 4,5
2.2 - 7.3
- 10.7

- 2.6

1.3
2.1

-

ety

e, b

aat sy
i gy

+ d 4 B

FEFF] ;'gggzz '-%T”’""‘?_'

;;;;;;gg{g % . 4
s %L

- . v - - o e
- P -~ R
s, 3 1S = 5, 3 E B :. B
‘[ T T T T - o = '. ,
§§f R &
gg,g it i
i1z £2a- g
=;,'B 1 )
L 1" 1zt 4
i H
y: 33
FE :
s i
£
113
£

WATES WO RN WA @ 14 3ME axe cmevt

1.6
§.4

6.4

t
L
[v%
i
to
]
3
ot
i
@
D]
-3
-3
1
1]
Rl
L
w
pai
1
?
-
1)
<o
w
-3



